BACKGROUND
The positive role of having a usual source of care (USOC) on the receipt of preventative services is known. However, associations between USOC and hypertension control and the di erential association across age groups is unknown in the US population.
METHODS
We used data from the National Health and Nutrition Examination Survey (NHANES) from 2007 to 2012. Multivariable logistic regression was used to evaluate the association between having a USOC and hypertension control. The di erential e ect of USOC on hypertension control by age was assessed using predicted marginal e ects across age groups in the multivariable logistic model.
RESULTS
In adjusted analyses, those with a USOC had higher odds of hypertension control (odds ratio = 3.89, 95% con dence interval (CI): 2.15-6.98).
The marginal e ect of having a USOC is associated with a 30 percentage point higher probability of controlled blood pressure compared to those without a USOC (marginal probability = 0.30, 95% CI: 0.19-0.41).
The marginal e ect of USOC on hypertension control varied by age groups, with a statistically signi cantly lower marginal e ect of USOC on hypertension seen among those older than 74 years of age (marginal probability = 0.27, 95% CI: 0.18-0.36) and younger than 35 years of age (marginal probability = 0.23, 95% CI: 0.14-0.33).
and hypertension control. us, this study has 3 major objectives: (i) to evaluate whether having a USOC is associated with hypertension control in the US population, (ii) to assess if the e ect of USOC on hypertension varies by age group, and (iii) to analyze age group behaviors and USOC type utilization. Assessing the link between USOC and hypertension control, and di erences in the association by age, is an important step in understanding what e ect increasing structural access to care may have on the US hypertensive population.
METHODS AND MEASURES

Data source
is cross-sectional study design uses health interview and medical exam data from the NHANES from 2007 to 2012. NHANES uses a complex, multistage sampling design to select a representative sample of the civilian noninstitutionalized population in the United States. 13 e physical exam component contains data on blood pressure, height, and weight that is gathered at a mobile exam center. In addition, the NHANES questionnaires assess comorbidities, self-reported health status, dietary and health habits, and information on USOC.
e NHANES sample for this study is restricted to the hypertensive population (i.e., those who currently taking blood pressure medication or had systolic blood pressure 140 or diastolic 90 at the time of the mobile exam component).
is restricted subsample is consistent with other studies assessing hypertension outcomes. 11, 12 
Measures
Trained professionals measured blood pressure using sphygmomanometry and appropriately sized arm cu s a er 5 minutes seated rest. Blood pressure measurements were taken 3 consecutive times and averaged a er discarding the rst measurement. 13 "Hypertension control" is de ned as average systolic blood pressure less than 140 mm Hg and diastolic less than 90 mm Hg. 2 Newer JNC8 criteria were not used because clinicians during the time period of this study would not have been using the new targets for the older population. 3 Treatment for hypertension was de ned by one's response to: "Are you taking blood pressure medication?" NHANES de nes USOC as a place to go when one is ill and needs care; places are listed as hospital outpatient department, outpatient clinic or doctor's o ce, emergency department, or none. 14 If individuals report no USOC or use the emergency department, they are treated as "no USOC. " For some analyses, USOC type is broken down into "traditional" USOC (clinic, doctor's o ce, or outpatient hospital department), emergency department USOC, and no USOC.
Other variables and their construction are as follows:
1. We include only adults 18 years of age and older and stratify by 10-year intervals to create 6 separate groups. 2. Race/ethnicity is de ned as Hispanic, non-Hispanic White, non-Hispanic Black, and "other race" which includes multiracial. 
Study design and statistical methods
We use survey methods for all weighted bivariate analyses and regression models. Bivariate relationships between covariates and USOC and bivariate associations with hypertension control are assessed using the chi-square test. Unadjusted weighted proportions of those with controlled hypertension are presented by USOC type (e.g., "traditional" USOC, emergency department, and none) and unadjusted weighted proportions of age groups are presented by USOC type. We employed 2 logistic models to analyze the e ects of USOC on hypertension control. e rst adjusts for demographics and comorbidities and the second adjusts for demographics and comorbidities a er imputation of variables with missing data (see below for missing data methods). We test the di erential association between age and USOC by testing the equality of the marginal e ects of USOC on the probability of hypertension control at each age group in the full multivariate logistic model. 17 Predictions are generated using average probabilities among actual persons in the data and errors are weighted to account for population sampling. We made an a priori decision based on our conceptual models to explore the factors potentially responsible for the varying e ect of USOC on hypertension control by examining bivariate relationships with age groups and antihypertensive medication use, follow-up, smoking status, and exercise.
Missing data
Variables with missing data were imputed using multiple imputation with chained equations using age, gender, race/ ethnicity, diabetes status, smoking status, and USOC. [18] [19] [20] We speci ed 5 multiply imputed datasets and variables were assumed to be missing at random. 21 
RESULTS
Missing data
Most of the variables had either no missing data or were missing <2%. Only 3 variables were missing approximately 10% (BMI category, income, and hyperlipidemia). All missing data were imputed as described above.
Bivariate analysis
In bivariate analysis, those without a USOC were more likely to be younger, of Hispanic ethnicity or non-Hispanic Black, and male. In addition, individuals without a USOC were less likely to be married, have insurance, have completed high school, and less likely to report having diabetes, heart failure, prior stroke, or high cholesterol. A higher proportion of antihypertensive medication use and control was seen in those with a USOC (see Table 1 ). Figure 1 illustrates the proportion of controlled hypertension by USOC type. Fi y-two percent have controlled hypertension. Only 14% without a USOC have controlled hypertension, compared to 55% with a traditional USOC (P < 0.01). ose who use the emergency department as their USOC were less likely to have controlled hypertension than those with a "traditional" USOC (31% vs. 55%, P < 0.01). Figure 2 illustrates the proportion with controlled hypertension by age group. Hypertension control was statistically signi cantly lower in the youngest (18-34 and 35-44 year olds) and oldest (>74 years old) compared to other age groups. Only 24% of 18-34 year olds, 47% of 35-44 year olds, and 47% of those older than 74 had their blood pressure under control. e proportion with controlled hypertension in the other age groups was 55% (age 45-54), 55% (age 55-64), and 58% (age 65-74).
Whites were more likely than non-Whites to have controlled hypertension (54% vs. 46%, P < 0.01). Women were more likely than men to have controlled hypertension (55% vs. 48%, P < 0.01). ose with insurance were also more likely to have controlled hypertension than the uninsured (54% vs. 32%, P < 0.01). Current smokers were less likely to have controlled hypertension than former and nonsmokers (46% vs. 53%, P < 0.01). Obese individuals were also more likely to have controlled hypertension than those with normal weight (57% vs. 39%, P < 0.05).
In our age group analyses-examining relationships between age groups and USOC type and behaviors-we found that younger individuals (<35 years old) are statistically signi cantly less likely to have a traditional USOC (72% vs. 92%, P < 0.01) and more likely to use the emergency department as their USOC (4% vs. 1%, P < 0.01) or have no USOC compared to older age groups (24% vs. 6%, P < 0.01).
e youngest (<35 years old) are statistically signi cantly less likely to be taking blood pressure medication than older groups (15% vs. 71%, P < 0.01). e youngest (<35 years old) are also more likely to have no visits to their providers in the past year (20% vs. 8%, P < 0.01), meet physical activity guidelines (49% vs. 37%, P < 0.01), and be current smokers (27% vs. 16%, P < 0.01) than older groups. In contrast, the oldest individuals (>74 years old) were more likely to visit their providers 2 or more times in the past year (91% vs. 77%, P < 0.01) and more likely to be taking blood pressure medication (80% vs. 63%, P < 0.01) than all younger age groups. e oldest (>74 years old) were less likely to be smokers (5% vs. 20%, P < 0.01) and meet physical activity guidelines compared to all other age groups (23% vs. 42%, P < 0.01).
Multivariable models
Multivariable logistic regression models revealed a signi cant positive relationship between having a USOC and hypertension control (see Table 2 ). In the full model adjusting for demographics and comorbidities without imputation, those with a USOC had signi cantly higher odds of hypertension control than those without a USOC (odds ratio (OR) = 3.89, 95% con dence interval (CI): 2.15-6.98).
e magnitude, direction, and signi cance of the relationship did not change in the imputation model (OR = 3.89, 95% CI: 2.6-5.83).
Individuals older than 74 years of age had a 42% lower odds of hypertension control than 65-74 year olds (OR = 0.58, 95% CI: 0.45-0.76). Non-Hispanic Blacks had a 30% lower odds of hypertension control than Whites (OR = 0.70, 95% CI: 0.59-0.84); Hispanics had a 28% lower odds of hypertension control than Whites (OR = 0.72, 95% CI: 0.56-0.93).
In probability terms, the marginal e ect of having a USOC is associated with a 30 percentage point higher probability of controlled blood pressure compared to those without a USOC (marginal probability = 0.30, 95% CI: 0.19-0.41). is marginal e ect amounts to an additional 300,000 individuals with controlled hypertension per million in the US hypertensive population. Figure 3 illustrates the marginal e ect between USOC and hypertension at each age group. e marginal e ect of USOC on the probability of hypertension control in the youngest age group (18-34 year olds) is 0.23 (95% CI: 0.14-0.33) and in the oldest group (>74 year olds), it is 0.27 (95% CI: 0.18-0.36). e marginal e ect of USOC on hypertension control in 35 
DISCUSSION
In this paper, we discovered several key relationships: (i) a signi cant positive association between having a USOC and hypertension control in the US population, (ii) a di erent marginal e ect between USOC and controlled hypertension by age group, and (iii) di erent USOC types and behaviors by age group.
e association between USOC and hypertension control captures the totality of pathways through which structural access may impact hypertension control.
ere are several mediating pathways through which a USOC may operate to improve hypertension control. First, and likely most signi cant, having a USOC may lead to increased initiation of and adherence to antihypertensive medication use given that trust in one's physician has been associated with improved medication compliance. 22 Second, patients with a USOC may be more likely to follow up with their providers, 23 allowing for titration of antihypertensive medications and discussion of healthy behaviors that lead to improved cardiovascular health. In addition, individuals with other chronic medical issues may be more likely to have a USOC, and management of other comorbidities may increase antihypertensive treatment. 24, 25 e reasons for a changing relationship between USOC and hypertension control by age group may be a result of di erences in health habits, compliance with medication, or dynamic physiologic changes with aging. Some health and nutrition habits that are associated with good overall physical and mental health may been seen in aging, but there are also potential changes in mobility, cognition, and social support-in addition to changes in vascular physiology-that may negatively impact health and blood pressure control. [26] [27] [28] [29] In our age group analyses, older individuals were more likely to follow up, be taking blood pressure medication, and less likely to smoke. Assuming a mediating role for these factors between USOC and hypertension control, these data suggest that other physiologic factors may be playing a more prominent role in diminished marginal e ect of USOC on hypertension control in the oldest individuals. is nding would be in alignment with basic science research demonstrating age-related changes in the blood vessels and chronic physiologic changes in the neural and biochemical systems responsible for regulating blood pressure. [30] [31] [32] [33] [34] [35] In contrast, the youngest age groups were more likely to use a di erent setting for their USOC (i.e., the emergency department) that may be less e cient in controlling hypertension long term. In addition, younger individuals were more likely to be current smokers and have no visits to their USOC in the past year and less likely to be taking blood pressure medication.
ese ndings are in agreement with another study showing that infrequent healthcare may be a signi cant contributor to undiagnosed and/or untreated hypertension in the youngest individuals. 36 us, in younger individuals, behavioral factors may play more of a role in the diminished marginal e ect of USOC on hypertension control.
Limitations
ere are several limitations to this study, given the crosssectional design, measurement of hypertension, potential endogeneity of USOC, and subpopulation sizes. With a crosssectional design, the causality underlying the observed relationship between USOC and hypertension control cannot be determined. Although blood pressure was measured by trained professionals, hypertension status and control are based on a single evaluation. Potential white coat hypertension that varies by USOC status could have overestimated or underestimated the e ect of USOC on hypertension control. Moreover, if such white coat hypertension varied by age groups, that may have altered the di erential marginal e ect of USOC on hypertension control across the age groups. In terms of endogeneity, it is possible that those with controlled hypertension may be more likely to report a USOC or have other unmeasured factors that would overestimate the association between USOC and hypertension control in the US population. Finally, given the low sample size in the oldest age group without a USOC, statistical power is limited to draw more precise estimates.
Despite these limitations, the study remains robust given the control for major confounders and sensitivity analyses that give a range of potential e ect of USOC on hypertension control. In addition, the relationship between USOC and hypertension-and the di erential e ect of USOC on hypertension across age groups-was consistent across multiple models. Finally, this is a nationally representative sample that has high external validity.
is study supports the positive e ect of USOC on hypertension control in the US population and the changing dynamic of a USOC on hypertension control across age groups. e morbidity, mortality, and costs from hypertension in the general US population are enormous, with poor outcomes as people age. us, discovering the benecial role that having a USOC plays in hypertension control across the entire population is key to assist with policy decisions to improve access to regular sources of care. In addition, the varying impact of USOC on hypertension control across age groups may re ect a need to change strategies to control blood pressure in di erent age groups. Speci cally, a focus on improving health behaviors in younger individuals may involve focusing on antihypertensive medication initiation and compliance, regular follow-up, and cessation of smoking. Conversely, given that e ect of having a USOC on blood pressure control is diminished in the oldest population, more information is needed to discover what strategies will most e ectively improve health outcomes in the oldest and most vulnerable. Given shi ing guidelines and newer data from the Systolic Blood Pressure Intervention Trial (SPRINT) suggesting lower blood pressure targets have improved cardiovascular morbidity and mortality outcomes in higher risk patients, 37 it will be important to continue to monitor hypertension control and the cardiovascular sequelae in those most susceptible to poor outcomes.
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